In 2000 the European Parliament and the European Council passed the Water Framework Directive (WFD) to be implemented in the Member States, among these Denmark. The consequence of the directive is that river basin management plans (RBMPs) shall be prepared which, according to European and Danish legislation, are subject to a strategic environmental assessment (SEA). A seemingly important environmental factor for the water sector is climate change and especially the changes it causes to the water environment. However, based on an argument of an inadequate knowledge base regarding climate change impacts, the prospect of Danish authorities including climate change in their SEAs of RBMPs is weak. In this paper the connections between climate change and water are reviewed. As a result it is suggested that climate change needs to be considered in three ways in SEA of RBMPs: in terms of mitigation, adaptation and baseline adaptation.
Introduction
There is growing focus on climate change and the potentially significant consequences on nature and human-beings. Today it is attempted to counter climate changes both through mitigation of any further releases of greenhouse gasses and through adaptation to the changes already happening. According to the report of Working Group II in the third assessment from the Intergovernmental Panel on Climate Change (IPCC), mitigation is defined as "an anthropogenic intervention to reduce the sources or enhance the sinks of greenhouse gases" and adaptation as "adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities" (McCarthy et al. 2001, 990, 982) .
The need for adaptation is widely acknowledged today. Adaptation as a strategy complements the mitigation strategy and as stated by the IPPC in the summary for policymakers of their Fourth Assessment Report; "adaptation will be necessary to address impacts resulting from the warming which is already unavoidable due to past emissions" (IPCC 2007, 19) . The EU commission in their white paper on climate change adaptation, state that …"we must take adaptation action to deal with the unavoidable impacts", and emphasise among others the water sector (Commission of the European Communities
2009).
There is international consensus that mitigation and adaptation of climate change is relevant for inclusion in impact assessment processes at both project and strategic levels of decision making in different sectors (Byer and Yeomans 2007; Duinker and Greig 2007, Wilson and Piper 2008) . The Organisation for Economic Co-operation and Development (OECD) states that climate change adaptation needs to be better integrated in development and that environmental assessment is an appropriate entry point for information on climate change mitigation and adaptation, both at planning and project levels (OECD, 2006) . OECD (2006) claims that guidelines for impact assessment need to be broader and also consider the impacts of the environment on the project. The EU in their white paper on adaptation also focuses on the need for developing guidelines and best practise on how to Development Agency, underlines the importance of performing screenings of climate change impacts in both developed and developing countries, and that one of the necessary activities would be addressing climate change impacts in SEAs and in EIAs (DANIDA, 2005) . Further, the Danish climate change adaptation strategy, outlines a need for assessment of whether the current regime for environmental assessment, including SEA 3 and EIA, is sufficient, seen from a climate change perspective, or if changes should be made. At the same time a need for guidance for practitioners on incorporating climate change in SEA and EIA is underlined. (Danish Government 2008, 30) There is growing awareness of the need to mainstream both climate change mitigation and climate change adaptation in EIA and SEA. The awareness also covers the SEAs performed within the water sector, and this article strives at contributing with reflections on how to include climate change in the specific case of SEA of RBMPs in the Danish context.
Research Methodology and Scope
Section 3 and 4 further introduce to the subject of the paper: section 3 presents the European WFD and SEA, as well as their interconnections. Section 4 discusses the issue of incorporation of climate change in SEA of RBMPs, and also presents the reasoning for the focus on Denmark as well an elaborated purpose of the paper. Section 4 utilises telephone interviews with a representative of each of the seven Danish state environmental centres.
The interviews were carried out in January 2008, and the interviewees were employees either responsible for the SEA or working on the RBMP. The interviewees were appointed by the centres themselves, as those they considered best capable of answering questions regarding the SEA of the RBMPs. In Section 5 an analysis of the connections between climate change and the water environment are presented, and in Section 6 this analysis is used to draw up a framework for the inclusion of climate change in SEA of the RBMPs.
Finally in Section 7 conclusions are drawn.
There exists extensive research into barriers and motivation for climate change considerations, hereunder climate change adaptation (see e.g. Adger et al. 2008; Blennow and Persson 2009; Naess et al. 2005; Smit and Pilifosova 2001) . Smit and Pilifosova underline in the IPPC report on climate change from 2001 that "Adaptation to climate change and risks takes place in a dynamic social, economic, technological, biophysical, and political context that varies over time, location, and sector." (2001, p. 895) . The adaptation capacity therefore depends upon a range of interrelated factors like e.g. economic resources, technology, infrastructure, knowledge, institutions etc. The scope of this article does not cover in-depth analysis of the whether or not climate change is incorporated in the RBMPs and SEAs, and the factors that determine this. Rather the scope is limited to dealing with how climate change can be considered in the SEAs.
The Water Framework Directive and Strategic Environmental Assessment
In 2000 Research into the connections between SEA and the WFD has been made by Carter and Howe (2006) , who point out a range of linkages between the directives. They point to the fact that SEA has to be applied to the RBMPs, and that the RBMPs should be used in making SEAs in other areas (Carter and Howe 2006) . They further find common requirements between the two directives, including the collection of baseline data, assessment, mitigation, monitoring and consultation, reporting processes and public A RBMP is a type of plan likely to have significant effects on the environment, which are assessed in a SEA. This includes impacts on flora, fauna, surface water, groundwater etc.
Climate change is also relevant in this regard, because it can be characterised as a potentially significant effect on the environment stemming from human actions, such as RBMPs. Screening and scoping within SEA, though, is not only based upon an assessment of how the RBMP may affect the environment. How the environment affects the plan is also a matter which determines whether a plan is subject to SEA or not, and what should be within the scope of assessment. According to the SEAD, one of the "criteria for determining the likely significance of effects referred to in Article 3(5)" is "environmental problems relevant to the plan or programme" (Directive 2001/42/EC, Annex 2). In other words: it can be judged that a RBMP in itself might not have significant impacts on climatic factors it is rather climate change that has significant impacts on the RBMP. E.g. extreme wet or dry years may significantly affect the hydrological and aquatic systems and thereby be a determining factor for the achievement of environmental objectives laid down in the RMBPs. These couplings are explored further in Section 5.
Strategic Environmental Assessment, RBMPs and Climate Change in Denmark
In spite of the above mentioned issues, it has been decided in Denmark that climate change will not be taken into consideration in the first generation of RBMPs. This 
Connections between Climate Change and the Water Environment
In Section 3 it is stated that SEA not only covers the effects of a given plan on the environment, but also any effects of the environment on the plan. Following from this, It should be noted that water and climate change is interconnected in complex ways, and does not exist in isolation but must be seen in its context of socio-economic and environmental conditions (Bates et al. 2008) . Furthermore global differences exist and are observed, in parameters like surface temperature and precipitation impacting the hydrological cycle and hydrological systems differently between continents and regions and within regions (Bates et al. 2008; Eisenreich 2005, 30) In the following paragraphs, the four steps of Figure 1 will be reviewed.
The model illustrates different climatic factors, and how climate change makes these factors vary. Precipitation, as the main driver of variability in the water balance over space and time, is affected by climate change through varying its patterns of occurrence and by changing the state in which it produces (Arnell and Lui 2001) . A warmer climate is expected to increase extreme precipitation as compared to the mean (Bates et al. 2008 ) and heavy precipitation has already been observed across Europe (Klein Tank and Können 2003) . Evaporation is the other major influencing factor over hydrology. Based upon observations it is found that global land evaporation closely follows variation in land precipitation (Qian et al. 2006) . Evaporation is expected to increase almost everywhere (Bates et al., 2008) due to higher temperatures (Eisenreich 2005) . Further sea-level rise is projected for the coming decades, with substantial uncertainties and geographical variability (Bates et al. 2008, 28) .
As shown in the model in Figure 1 , projected changes in climate lead to changes in water.
The changes in water in Denmark and Northern Europe in general, cover changes in both surface and groundwater systems with e.g.:
• An annual increase in runoff for surface waters of approximately 5-15 % up to the 2020s and by 9-22 % up to the 2070s (Alcamo et al., 2007) , and increases in flow seasonality (Arnell, 2003) and extreme events (Sonnenborg et al. 2006, 67 ).
• Changes in the level of groundwater, with significant geographical and seasonal variation. In Denmark overall higher groundwater production and level is predicted. • Higher temperature in all waters (Bates et al., 2008) .
The projected changes in waters all have potential consequences for the water environment, as illustrated in Figure 1 . The consequences of the higher level of groundwater include increased risk of groundwater intrusion into sewers (Danish Ministry of Finance 2007, 31) . The seasonal increase in surface water and groundwater as well as increase in extreme events also increases the risk of flooding, northern Europe being one of the regions most prone to a rise in flood frequencies (Bates et al., 2008; Sonnenborg et al. 2006 ). The consequences also cover a risk of aridity and drought due to the seasonal low water levels combined with the increase in evaporation, and more extreme events (Sonnenborg et al. 2006 increased species richness in northern Europe freshwaters (Bates et al., 2008) .
All the consequences for the water environment can affect the environmental baseline of a SEA. The model in Figure 1 illustrates the environmental parameters included in the SEADs environmental concept and baseline. As shown climate change impacts on the water environment potentially has effects on almost all environmental parameters.
It should be noted that the simple model in Figure 1 has a number of limitations, as stated in Table 1 . Table 1 Limitations of the model in Figure 1 The model shows that climate change can have a number of consequences for the water environment, and in turn a number of effects on issues such as population or biodiversity, which are part of the baseline for SEA. As stated in Section 2, any effects of climate change on water environment are relevant for consideration in SEA of the RBMPs, and when coupling this with the information in Figure 1 it appears that the effects of climate change are important factors to consider in SEA of RBMPs. This will be used in the following discussion in Section 6.
Model limitations

Including Climate Change in SEA of RBMPs
When viewing climate change in relation to SEA of RBMPs three issues gain attention.
These are summarised in Figure 2 and addressed in the following sections. In the following, adaptation refers to the planned type of adaptation taken in advance, to either minimise or off-set negative climate change effects. 
Mitigation
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As stated in Section 3, SEA assesses the effects on the environment from implementing a plan, and thus the effects on climate change. Implementation of the RBMPs will be in the form of water management activities that should lead to an improved water environment.
This means that SEA of RBMPs should include any contribution from these proposed water management activities to climate change through assessing the resulting greenhouse gas emissions. On the basis of this assessment, mitigation measures can be suggested, as a measure to prevent further climate change.
This way of considering climate change in SEA of RBMPs is illustrated in the first horizontal line of Figure 2 . Examples of issues where mitigation could be relevant for the RBMPs include (Examples inspired by Madsen et al. 2007 ):
• Reduction in greenhouse gas emissions related to hydro dams (location, power density, flow rate etc.).
• Reduction in greenhouse gas emissions due to less energy consumption for pumping water
• Reduction in greenhouse gas emissions in connection to changes in waste water treatment Climate change mitigation does not immediately appear to be essential in relation to the measures relevant for the RBMPs, when viewing the suggestions made in the Danish pilot study from Odense (See Madsen et al. 2007, 61) . However, it is of course relevant when suggesting any measures, to consider possible effects on climate change.
Adaptation
As stated in Section 3, SEA should also assess the impacts of climate change on the plan.
As stated in Section 5, climate change can have multiple effects on the water environment, and because water is the issue dealt with in the RBMPs, it is clearly relevant to assess how climate change will affect the issues dealt with in the RBMPs. Consequently the plan, and thus the water management activities, can be adapted to any unavoidable effects of climate change, through adaptation measures.
14 Examples of adaptation measures relevant for inclusion in the RBMPs are (Examples inspired by Madsen et al. 2007 ):
• Reservoirs and dykes, emergency flood reservoirs, preserved areas for flood water, coastal protection infrastructure etc. to protect against floods.
• Tending of water bodies, e.g. crop cutting in streams and restocking of fish spawn
• Buffers around streams in urban areas to reduce the potential negative consequences of future heavier runoff.
• Constraints on activities e.g. agricultural and industrial procedures
• Increased capacity e.g. in wastewater treatment
• On the supply-side e.g.: impound rivers to form in-stream reservoirs, wastewater reuse etc.
• On the demand-side e.g.: water conservation, reduction in leaky water systems, water pricing etc.
These are much the same as the measures relevant for the RBMPs itself, only used to adapt to a changing climate. Such integration, of adaptation measures into the plan of water management activities, can help to improve society's resilience to climate change. This is illustrated in the second horizontal line of Figure 2 .
Baseline adaptation
As shown in Figure 
Conclusion and discussion
In this paper the upcoming SEA of RBMPs in Denmark is discussed, with a focus on incorporation of climate change. It is shown that climate change can have a range of impacts on the water environment ultimately influencing the environmental parameters in the baseline for SEA. The main contribution of the paper is a framework consisting of three ways in which climate change should be considered in SEA of RBMPs:
• mitigation of climate change
• adaptation to climate change
• adaptation of the baseline This is intended to serve as a help for authorities in their work with SEA of the plans stemming from the WFD. Another challenge is related to the assessment of climate change, which is a cumulative effect. Assessment of cumulative effects is an obligatory and important part of the SEA process. However, building upon earlier experience with SEA tackling cumulative effects, this might be a challenging task. The literature on cumulative effects shows limited cumulative assessment and management in IA practice (Baxter et al., 2001; Ross, 1998; Duinker and Greig, 2007; Therivél and Ross, 2007) . Ecosystems, as the ones assessed in the SEA of RBMP's, are complex and adaptive to climate change. To be manageable there is a risk for stakeholders and policy makers to describe such complex systems in a reducible way (Costanza, 2000) . E.g. like the Danish case with out-scoping climate change due to lack of knowledge. According to post-normal science, complex systems must not be described in such reducible way Ravetz, 1993, 1994) .
This argument is also found in a general critique of environmental assessment relying on a reductionism paradigm building upon e.g. measurable indicators, simple time horizons, quantification and aggregating (Gasparatur et al, 2008 (Etkin and Ho 2007 , Dessai et al. 2003 , Lorenzoni, Lowe and Pidgeon 2005 . These different perceptions may influence whether and how climate change is considered in the SEA process. This adds to the complexity of the SEA and stresses the need for a broad inclusion of stakeholders in the process, in order to prevent a too narrow consideration of climate change. Based on this there are prospects for further research into whether and why, the Danish municipalities will consider climate change in their up-coming action plans.
